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THREAT LEVEL IDENTIFICATION AND QUANTIFYING SYSTEM 

TECHNICAL FIELD 

[0001] The present invention relates to vehicle 

sensing systems. More particularly, the present 
invention relates to a system and method of 
identifying and quantifying threat of objects within 
a host vehicle operating environment. 

BACKGROUND OF THE INVENTION 

[0002] Various sensing systems currently exist for 

performing collision warning and countermeasure 
system operations, such as detection, classification, 
tracking, and relative distance and velocity 
estimation of objects within a close proximity of a 
host vehicle. 

[0003] Collision warning and countermeasure system 

operations include providing a vehicle operator 
knowledge and awareness of vehicles and objects that 
are within a close proximity of the host vehicle to 
prevent colliding with those objects. The 
countermeasure systems exist in various passive and 
active forms . Some countermeasure systems are used 
to aid in prevention of a collision, others are used 
to aid in the prevention of injury to a vehicle 
operator . 

[0004] Certain collision warning and 

countermeasure systems are able to sense an object 
within close proximity of the host vehicle and warn 
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the host vehicle operator, such that the operator can 
take precautionary steps to prevent a collision or 
injury. Other collision warning and countermeasure 
systems activate passive or active countermeasures . 
Passive countermeasures may, for example, include the 
activation of airbags or load limiting seatbelts. An 
example active countermeasure is the activation of 
brake control, whereby, the system itself aids in 
preventing a collision or injury. 

[0005] Active safety technologies depend on the 

ability of the sensor systems to identify potential 
objects in the path of the host vehicle and to 
provide a threat assessment so that appropriate 
actions may be performed. A threat assessment system 
typically performs tasks, such as path prediction, 
object detection, quantification of threat posed by 
the detected objects, and selection of the objects 
that are of a concern or that pose a significant 
threat . 

[0006] The success of the action in preventing a 

collision or injury to a vehicle occupant is related 
to the proper functioning of each task of the threat 
assessment system. In particular, path prediction 
and object threat assessment are key elements in that 
success . Path prediction has been accomplished using 
various methods, such as methods that use a Kalman 
filter or that assume that the travel path of an 
object is in the shape of an arc. The radius of the 
arc is determined in response to the relative yaw 
rate and speed of the objects relative to the host 
vehicle . 
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[0007] Object threat assessment may be affected by 

several different factors including, relative 
deceleration levels, range, range rate, speed, and 
position of the objects. Object threat assessment 
may also be affected by whether an object is a 
stationary object or a moving object, size of the 
object, traffic scenario, road conditions, driver 
experience, risk aversion and mood, and weather 
conditions . 

[0008] To obtain information regarding all of the 

above-mentioned factors that can affect object threat 
assessment many sensors are needed and a large amount 
of information is gathered that needs to be 
processed. Thus, such a threat assessment system 
that is capable of obtaining the stated information 
is complex, costly, and infeasible for mass 
production. Also, gathering and processing of the 
mentioned information is time consuming and can 
negatively affect response time available to avoid a 
collision. As known in the art, time is of the 
essence in preventing a collision. 

[0009] Thus, there exists a need for an improved 

threat assessment system that is accurate and 
minimizes the amount of inf ormation to be processed 
to avoid a collision and the amount processing time 
involved therein. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a system and 

methods of performing threat assessment of objects 
for a vehicle. The methods include detecting an 
object. Kinematics of the vehicle and of the object 
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are determined. A brake threat number and a steering 
threat number are determined in response to the 
kinematics of the vehicle and the object. Threat of 
the object is determined in response to the brake 
threat number and the steering threat number. 

[0011] The embodiments of the present invention 

provide several advantages. One such advantage is 
the provision of an efficient technique for 
performing threat assessment through use of braking 
and steering parameters. The present invention 

determines threat posed by a particular host vehicle 
environment and quantifies that threat using braking 
and steering parameters. 

[0012] Another advantage provided by an embodiment 

of the present invention is the provision of threat 
assessment for both straight and curved vehicle 
traveling paths utilizing the above-mentioned 
parameters. In so doing, the stated embodiment 

simplifies threat assessment for various road 
curvatures . 

[0013] Furthermore, as a result of the above- 

stated advantages, embodiments of the present 
invention increases system and occupant available 
reaction time, which allows for increased time to 
provide warning signals and perform passive or active 
countermeasures . Increased reaction time decreases 
chance of a collision or injury to a vehicle 
occupant . 

[0014] The present invention itself, together with 

attendant advantages, will be best understood by 



4 



reference to the following detailed description, 
taken in conjunction with the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] For a more complete understanding of this 

invention reference should now be made to embodiments 
illustrated in greater detail in the accompanying 
figures and described below by way of examples of the 
invention wherein: 

[0016] Figure 1 is a block diagrammatic view of a 

threat assessment system for a vehicle in accordance 
with an embodiment of the present invention; 

[0017] Figure 2 is a logic flow diagram 

illustrating a method of performing threat assessment 
within a vehicle in accordance with an embodiment of 
the present invention; 

[0018] Figure 3 is a position diagram of an object 

relative to a host vehicle in accordance with an 
embodiment of the present invention; 

[0019] Figure 4 is a curved road representation 

diagram for an object relative to a host vehicle in 
accordance with an embodiment of the present 
invention; 

[0020] Figure 5 is a steering maneuver diagram of 

a host vehicle maneuvering to avoid an object in 
accordance with an embodiment of the present 
invention ; 

[0021] Figure 6A is a plot of object relative 

range to a host vehicle, brake threat number, and 
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steering threat number versus time in accordance with 
an embodiment of the present invention; and 

[0022] Figure 6B is a plot of velocity versus time 

of the host vehicle of Figure 6A in accordance with 
an embodiment of the present invention. 

DETAILED DESCRIPTION 

[0023] In the following figures the same reference 

numerals will be used to refer to the same 
components. The present invention may be adapted and 
applied to various sensing systems including: 
collision warning systems, collision avoidance 
systems, parking-aid systems, reversing-aid systems, 
passive countermeasure systems, adaptive cruise 
control systems, lane departure systems, lane-keeping 
systems, or other systems known in the art that 
perform threat assessment of detected objects within 
a vehicle environment . 

[0024] In the following description, various 

operating parameters and components are described for 
multiple constructed embodiments. These specific 
parameters and components are included as examples 
and are not meant to be limiting. 

[0025] Additionally, in the following description, 

the term "perf orming" may include activating, 
deploying, initiating, powering, and other terms 
known in the art that may describe the manner in 
which a countermeasure or a comfort and convenience 
feature is operated. 

[0026] As well, in the following description, 

various counter-measures are discussed. The 
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countermeasures may be reversible or irreversible. 
Reversible countermeasures refer to countermeasures 
that may be reset to their original form or used 
repeatedly without a significant amount of functional 
deficiency, which may be determined by a system 
designer. Irreversible countermeasures refer to 

countermeasures, such as airbags that, once deployed, 
are not reusable . 

[0027] Furthermore, a countermeasure signal may 

include information pertaining to the above-stated 
reversible and irreversible countermeasures or may 
include other information, such as collision warning 
information, and parking-aid or rever sing-aid 
countermeasure information. For example, the 

countermeasure signal may contain object detection 
information, which may be used to indicate to a 
vehicle operator the presence or close proximity of a 
detected ob j ect . 

[0028] In addition, the term "object" may refer to 

any animate or inanimate object. An object may be a 
vehicle, a pedestrian, a lane marker, a road sign, a 
roadway lane designating line, a vehicle occupant, or 
other object known in the art. 

[0029] Referring now to Figure 1, a block 

diagrammatic view of a threat assessment system 10 
for a vehicle 12 in accordance with an embodiment of 
the present invention is shown. The assessment 
system 10 includes object detection sensors 14, 
vehicle status sensors 16, countermeasures 18, and a 
threat assessment controller 20. The assessment 
controller 20 in response to relative status of 
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detected objects, with respect to the vehicle 12, 
determines threat of each object. In determining the 
threat of each object the assessment controller 20 
determines a brake threat number (BTN) and a steering 
threat number (STN) , which are described in further 
detail below. A main controller 22 is coupled to the 
assessment controller 2 0 and determines whether to 
warn a vehicle driver or occupant of a potential 
collision, via an indicator 24, or to perform a 
countermeasure 18 in response to the determined 
threat of each object. 

[0030] The object detection sensors 14 may be of 

various types and styles including vision-based, 
radar, lidar, ultrasonic, active infrared, passive 
infrared, telematic, motion, or other object 
detection sensor known in the art. A vision-based 
sensor may be a camera, a charged-coupled device, an 
infrared detector, a series of photodiodes, or other 
vision sensor known in the art. The object detection 
sensors 14 may perform not only object detection, but 
also path prediction, target selection, target 
classification, as well as other known sensor tasks. 
The object detection sensors 14 may scan an 
environment and determine curvature of a road or may 
determine position, velocity, and acceleration of 
ob j ects relative to the vehicle 12 . The ob j ec t 
detection sensors 14 may be distributed to various 
locations throughout the vehicle 12. 

[0031] The vehicle status sensors 16 determine 

current vehicle status. The vehicle status sensors 
16 may include a yaw rate sensor 26, a velocity 
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sensor 2 8 , and other vehicle status sensors known in 
the art, such as a transmission gear sensor, a 
throttle sensor, a brake sensor, and a steering 
column position sensor (which are not shown) . 

[0032] The count ermeasures 18 may be passive 

countermeasures 30 or active countermeasures 32 and 
control thereof may be contained within the 
controller 22. The passive countermeasures 30 may 
include internal air bag control, seatbelt control, 
knee bolster control, head restraint control, load 
limiting pedal control, load limiting steering 
control, pretensioner control, external air bag 
control, pedestrian protection control, and other 
passive countermeasures known in the art. 

[0033] The active countermeasures 3 2 may include 

brake control 34 and steering control 36, as shown, 
as well as throttle control, suspension control, 
transmission control, and other vehicle control 
systems. The main controller 22 may signal the 
vehicle operator via the indicator 24 of an impending 
potential collision so that the vehicle operator may 
actively perform a precautionary action, such as 
applying the brakes or steering to prevent a 
collision . 

[0034] The assessment controller 2 0 and the main 

controller 22 may be microprocessor based such as a 
computer having a central processing unit, memory 
(RAM and/or ROM) , and associated input and output 
buses. The controllers 20 and 22 may be application- 
specific integrated circuits or may be formed of 
other logic devices known in the art. The 
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controllers 2 0 and 22 may be a portion of a collision 
mitigation by braking module, a central vehicle main 
control unit, an interactive vehicle dynamics module, 
a restraints control module, a main safety 
controller, or may be stand-alone controllers as 
shown. The controllers 20 and 22 may each have 
associated memories, may share a central memory 38, 
as shown, or some combination thereof. 

[0035] The main controller 22 may perform various 

different sensing system operations including 
adaptive cruise control, lane-keeping control, lane- 
departure control, window clearing control, collision 
avoidance control, countermeasure control, or other 
sensing system operations known in the art. The 
operations may be performed sequentially or 
simultaneously. The main controller 22 may have a 
driver input 40, by which the controller 22 may 
perform path prediction as well as other tasks known 
in the art . 

[0036] The main controller 22 determines which of 

the sensing system operations to perform. The main 
controller 22 while performing one or more of the 
sensing system operations may determine whether to 
perform one or more of the countermeasures 18 and 
indicate to the vehicle operator various object and 
vehicle status information. Depending upon relative 
positions, velocities, and accelerations of the 
detected objects, the main controller 22 may also 
determine whether to indicate to the vehicle operator 
of a potential collision or may perform a 
countermeasure 18, as needed, so as to prevent a 
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collision, mitigate a potential injury, or prevent 
the vehicle 12 from traveling outside a current lane 
of travel. 

[0037] The indicator 24 is used to signal or 

indicate a safety system signal, which may include a 
warning signal, a collision -warning signal, a 
countermeasure signal, or an object identification 
signal in response to the object detection signals. 
The indicator 24 may include a video system, an audio 
system, an LED, a light, a global positioning system, 
a heads-up display, a headlight, a tail light, a 
display system, a telematic system, or other 
indicator known in the art. The indicator 24 may 
supply warning signals, collision-related 

information, lane departure and lane-keeping 
information, external -warning signals to objects or 
pedestrians located outside of the vehicle 12, or 
other pre and post collision inf ormation . 

[0038] Referring now to Figures 2, a logic flow 

diagram illustrating a method of performing threat 
assessment within the vehicle 12 in accordance with 
an embodiment of the present invention is shown. 

[0039] In step 100, the object detection sensors 

14 generate multiple object detection signals in 
response to objects within a close proximity of the 
vehicle 12. The object detection signals may be 
continuously generated to inform the assessment 
controller 20 of object status relative to the 
vehicle 12. The object detection signals may be 
generated sequentially or simultaneously. 
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[0040] In step 102, the status sensors 16 

determine kinematics of the vehicle 12 . In step 
102A, the velocity sensor 28 generates a velocity 
signal indicative of speed and direction of travel of 
the vehicle 12 . As such, the assessment controller 
20 determines traveling path of the vehicle 12 in 
response to the velocity signal. In step 102B, the 
yaw rate sensor 2 6 generates a yaw rate signal 
indicative of yaw rate experienced by the vehicle 12 . 
The assessment controller 20 determines road 
curvature in response to the yaw rate signal. 

[0041] In step 104, the object detection sensors 

14 or the assessment controller 20 determine 
kinematics of the detected objects relative to the 
vehicle 12 in response to the object detection 
signals. The object detection sensors 14 or the 
assessment controller 20 may determine position, 
path, velocity, and acceleration of the objects 
relative to the vehicle 12, using techniques known in 
the art . 

[0042] In step 106, the assessment controller 20 

determines a BTN, represented by equation 1, in 
response to the kinematics of the vehicle 12 and the 
kinematics of the detected objects. 

BTN = t zero ~ X J vg (1) 

As per equation 1, to determine BTN an average 
braking value x avg is subtracted from a deceleration 
at zero range value x zero and then divided by the 
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result of a maximum vehicle deceleration value *max 

minus the average braking value x Q v g . The average 

braking value x avg , the zero range value x zer o , and the 

maximum deceleration value * m ax may be in the form of 
single values or may be in the form of distributions 
having one or a series of values . The average 

braking value x aV8 , the zero range value x ze ro , and the 

maximum deceleration value Xma* may also be stored in 
the memory 38. The expression for BTN may be 

simplified to remove the average braking value x avg , 
as is represented by equation 2. 

BTN = ^- (2) 

[0043] Equations 1 and 2 are example linear 

interpolations that may be used to determine the BTN; 
other linear and non-linear interpolations may be 
used. 

mm 

[0044] In step 10 6A, the average braking value x avg 

is determined. The average braking value x avg 

represents average braking pressure or pressures 
during normal operating situations. Normal braking 
by a driver is assumed to represent a small or no 

threat situation. The average braking value x avg may 
be determined and adjusted in response to normal 
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braking by an individual driver. The average braking 
value Xavg may be a predetermined value. 



determined. The zero range value x Z ero represents the 
amount of braking pressure that is to be applied in 
order to stop the vehicle 12 at zero range, such that 

there is little to no space between the vehicle 12 

— 

and the object of concern. The zero range value x zer o 
is determined in response to the vehicle kinematics 
and the kinematics of the detected objects. The 

deceleration at zero range value x zero is determined to 
prevent a collision between the vehicle 12 and the 
detected objects. A safety margin may be added to 

the zero range value x zer o to increase distance between 
an object and the vehicle 12. 

[0046] Referring also to Figure 3, a position 

diagram of an object 50 relative to the vehicle 12 in 
accordance with an embodiment of the present 
invention is shown. Equations 3-5 represent position 

jc, , velocity xi , and acceleration x\ of the detected 
object 50 for a straight road or path situation where 
t is time, x 0l is an initial position of the object 
50, and a is a constant. 



[0045] 



In step 10 6B, the zero range value x 



Z ero 



is 



x x - a h X0\ t + X { 



'01 



(3) 



xi = at + xoi 



(4) 
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xi=a (5) 

Equations 6-8 represent position x 2 , velocity X2 , and 

acceleration xi of the vehicle 12 where x Q2 is an 

initial position of the vehicle 12 and f3 is a 
constant . 

t 2 * 

x 2 = J3— + X02 1 + * 02 (6) 

x 2 = /ft + ^02 (7) 

*2=£ (8) 

[0047] Assume at time zero that the initial 

position x 02 to be at an origin or equal to zero and 
the initial position x 0l to be at a range R from the 
origin. To avoid a collision between the vehicle 12 
and the object 50 it is desired that at least one of 
the following expressions 9-11 are met. 

x 2 <x x (9) 
R>0 (10) 
- t 2 • 

R = R 0 — + Rot + R 0 >0 (11) 
2 

• •« 

R 0 , Ro , and R^ represent relative position or range, 

relative velocity, and relative acceleration, 
respectively, of the object 50 with respect to the 
vehicle 12 . The sign of range R depends on sign of 

relative acceleration R . When relative acceleration 

R is greater than zero then to assure that there is 
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no solution for expression 11, such that range R is 
positive, expression 12 is met. 

Ro 2 -2RoR*<0 (12) 

A critical point or a point of collision occurs when 
equation 13 is satisfied. 

Ro-2R 0 R*=0 (13) 
At the point of collision critical relative 

acceleration R* is represented by equation 14. 

R*=-^- (14) 
2R Q 

Therefore, critical vehicle deceleration is 
represented by equation 15. 

x* 2 <x-R* (15) 

[0048] Equations 16-17, representing expressions 

for the deceleration at zero range value x zer o , may be 
derived from equations 12-15. 

X Z ero <X l -R*~X 2 (16) 
X Z ero <R-R* =R-Jk- (17) 

2R 0 

[0049] Referring also to Figure 4, a curved road 

representation diagram for an object 52 relative to 
the vehicle 12 in accordance with an embodiment of 
the present invention is shown. For a curved road or 
path situation vehicle velocity v h and object velocity 
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v t may be determined using equations 18-20 where s is 

arc length, R is range rate, co h is yaw rate of the 
vehicle, p is radius of curvature, and 0 is azimuth 
angle of the object 52 relative to the vehicle 12. 

s = R + —,~R (18) 
P = — (19) 

• 

R • 

v=v. + «v. +/? (20) 

' * cos(0) A 

A straight- line comparison or approximation may be 
used in a curved road situation. 

[0050] In step 106C, the maximum deceleration 

value Xmax is determined. The maximum deceleration 

value JCmax represents a maximum threat situation where 
a maximum braking pressure or profile is applied. 

The maximum deceleration value JCmax may be a 
predetermined value. 

[0051] In step 106D, the above-determined values 

for the average braking value x a v g , the zero range 

value x zero , and the maximum deceleration value Xmax are 
entered into equations 1 or 2 to determine the BTN. 

[0052] In step 108, the assessment controller 20 

determines a STN, represented by equation 21, in 
response to the kinematics of* the vehicle 12 and the 
kinematics of the detected objects. 
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STN= „ ,* (21) 

3^ max y avg 

An average lateral acceleration value y avg is 
subtracted from a lateral acceleration at zero range 

value y zero and then divided by the result of a maximum 
lateral acceleration value ji^ minus the average 

mm 

acceleration value y avg . This expression for STN may 
also be simplified to remove the average acceleration 

value y avg , as is represented by equation 22. 

STN ^lzero_ ( 22) 
y max 

Equations 21 and 22 are example linear interpolations 
that may be used to determine the STN; other linear 
and non-linear interpolations may be used. 

[0053] As with the braking values described above, 

mm 

the average acceleration value y avg is determined in 

response to normal driver steering in normal 
operating conditions and represents a small or no 

threat situation. The maximum acceleration value y max 
represents a maximum threat situation where a maximum 
amount of lateral acceleration is performed. The 

average acceleration value y avg , the acceleration at 
zero range value y zero , and the maximum acceleration 
value y max may be in the form of single values or may 



18 



be in the form of distributions having one or a 
series of values. The average acceleration value y avg , 

mm 

the acceleration at zero range value y zero , and the 

maximum acceleration value y m may also be stored in 
the memory 3 8 . 

[0054] In step 108A, the average acceleration 

value y avg is determined. The average acceleration 

mm 

value y avg represents average steering during normal 

operating situations. Normal steering by a driver is 
assumed to represent a small or no threat situation. 

The average acceleration value y avg may be determined 

and adjusted in response to normal steering by an 
individual driver. The average acceleration value 

y<iv 8 ma Y k e a predetermined value . 

[0055] In step 108B, the acceleration at zero 

range value y zero is determined. The acceleration at 

zero range value y zero represents the amount of lateral 
acceleration the vehicle 12 is to exhibit in order to 
avoid a collision with an object of concern. At 
longer ranges, steering may be more efficient in 
preventing a collision than braking. To determine 
lateral acceleration to avoid an object, the action 
of performing a lane change may be assumed to be at a 
constant acceleration rate. 

[0056] Referring also to Figure 5, a steering 

maneuver diagram of the vehicle 12 maneuvering to 
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avoid an object 54 in accordance with an embodiment 
of the present invention is shown. The vehicle 12 
and the object 54 are shown for a first time period Ti 
and for a second time period T 2 . The time period Ti 
corresponds with when the vehicle 12 detects the 
object 54 and the time period T 2 corresponds with when 
the vehicle 12 has maneuvered to an adjacent lane and 
is aside the object 54. 

[0057] Lateral distance d x and velocity v, of the 

vehicle 12 to maneuver around the object 54 are 
represented by equations 23 and 24, where lateral 
acceleration a t is a constant and time t m represents 
the maneuver time for a straight road or path 
situation . 

d,=^- (23) 

v,=",t n (24) 

Equation 2 5 is derived from equation 2 3 to determine 
time t m . 




[0058] Three main different situations can occur, 

when relative acceleration R is greater than, equal 

to, or less than zero. When relative acceleration R 

is equal to zero and relative velocity R is less than 
zero equations 2 6 and 27, representing time until a 
potential collision occurs t c and the acceleration at 

zero range y zer0 , are satisfied. The maneuver time t m 
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is approximately equal to the time until a potential 
collision occurs t c . 

t c = * (26) 
R 

Id 

y« ro =-f (27) 

When relative acceleration R equals zero and relative 

velocity R is greater than or equal to zero then 
there is no threat. 

[0059] When relative acceleration R is greater 

than zero and relative velocity R is less than zero 
then equations 2 8 and 29, representing time t and the 

acceleration at zero range y zem , are satisfied. 

-R-\R 2 -2RR ,„ 04 
t = (28) 

R 

2d 

y z ero=— (29) 

When relative acceleration R is greater than zero and 

relative velocity R is greater than or equal to zero 
there is no threat. 

[0060] When relative acceleration R is less than 

zero equations 3 0 and 31, representing time t and the 

acceleration at zero range y zer0 , are satisfied. 
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t= " ,j : 00) 
/? 

2d 

y« ro ="p- (31) 

[0061] Steering on a curved road is similar to 

that of driving on a straight road, however, the lane 
change maneuver is different whether the vehicle 12 
is changing lane to the inside or to the outside of 
the curved road. Thus, time t and lateral distance 
d t are different for changing lanes to the inside or 
the outside of a curved road. 

[0062] In step 108C, the maximum acceleration 

value y^ is determined. The maximum acceleration 

value j max represents a maximum threat situation where 
a maximum amount of steering or yaw rate is applied 
and exhibited by the vehicle 12. The maximum 

acceleration value y^ may be a predetermined value. 

[0063] In step 10 8D, the STN is determined using 

the above-determined values for the average 

acceleration value y avg , the acceleration at zero 
range value y zero , and the maximum acceleration value 



[0064] In step 110, the assessment controller 20 

generates a threat assessment signal in response to 
the BTN and the STN. 
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[0065] In step 112, the main controller 22 

determines threat of the detected objects in response 
to the threat assessment signal and determines 
whether to perform one or more of the countermeasures 
18. Upon determining to perform a countermeasure the 
main controller 22 generates a safety system signal, 
which may contain various countermeasure related 
signals. The main controller 22 as part of a 
countermeasure may generate a warning signal and 
communicate the warning signal to vehicle occupants 
via the indicator 24 . 

[0066] As part of performing an active 

countermeasure, the main controller 2 2 may reduce 
traveling speed of the vehicle 12 when the BTN, the 
STN, or a combination thereof is above a 
predetermined value. The main controller 22 may also 
control steering of the vehicle 12 when the STN, the 
BTN, or a combination thereof is above a 
predetermined value . 

[0067] Referring now to Figures 6A and 6B, a plot 

of object relative range to the vehicle 12, BTN 
versus time, STN versus time, and a corresponding 
plot of velocity versus time of the vehicle 12 in 
accordance with an embodiment of the present 
invention are shown. The BTN and the STN are in 
percentages. When the BTN reaches 100% a collision 
cannot be avoided simply by braking. When the STN 
reaches 100% a collision cannot be avoided simply by 
steering the vehicle 12 . Curve A represents range of 
an object relative to the vehicle 12. Curve B 
represents a simulated range of the object relative 
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to the vehicle 12, which is approximately equal to 
the range minus 20m. Curve C represents a 

corresponding BTN. Curve D represents a 

corresponding STN. As is seen from curves A-D, as 
the range between the object and the vehicle 12 
decreases the BTN and the STN increase. Also, note 
that the STN reaches 100% before the BTN . Thus, for 
this example, although the time difference is small, 
there is more time to apply the brakes than there is 
to steer the vehicle 12 to avoid a collision. 

[0068] The above-described steps are meant to be 

illustrative examples; the steps may be performed 
sequentially, synchronously, simultaneously, or in a 
different order depending upon the application. 

[0069] The present invention provides a simplified 

and efficient method of performing threat assessment 
of objects with respect to a host vehicle. The 
present invention in response to determining a BTN 
and a STN determines whether a count ermea sure should 
be performed to avoid a collision and to prevent 
injury to a vehicle occupant. 

[0070] While the invention has been described in 

connection with one or more embodiments, it is to be 
understood that the specific mechanisms and 
techniques which have been described are merely 
illustrative of the principles of the invention, 
numerous modifications may be made to the methods and 
apparatus described without departing from the spirit 
and scope of the invention as defined by the appended 
claims . 
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